The relationship between the surface cracks and the internal fractures of a Slope based on fracture degree is proposed. Fracture degree of a slope is defined as the ratio of the current crack number to the catastrophic crack number. The relationship between surface crack and internal fracture state is established with numerical simulations on a series of typical slopes. The study shows that there exists an obvious complementary effect between fracture degree of the surface and fracture degree of the slip surface, which can help to find the critical state of a slope through crack on the earth surface.
Introduction
For landslide analysis, there have been lots of methods, among which the most widely used include limit equilibrium method [1, 2] , strength reduction method [3, 4] , and etc. The limit equilibrium method is an effective way to analysis the stability of a slope and has been successfully used in many practical engineering problems. The core concept of this method is to divide the whole slope body into a series of straight rigid blocks, and determine the safety factor according to force equilibrium on the slip surface. Strength reduction method has considered the deformation and stress-strain relationship of the slope with finite element method(FEM). Slope with complex landform and geological conditions can also be calculated.
Since fracture is an essential feature in the evolution process during landslide disasters, stability analysis method considering fracture gets more and more attention. With the development of computer science, numerical simulation becomes a powerful tool in slope stability analysis. Discrete element method proposed by Cundull [5] could describe the discontinuous behavior of the joint body, which is widely used in rock mechanics and slope engineering [6, 7] . Discontinuous deformation analysis(DDA) introduced by Shi[8] is another effective method to investigate the fracture of a slope, and numerical expression of this method is more rigorous. Li [9, 10] introduced a numerical method called continuum-discontinuum element method(CDEM), which coupled FEM and DEM. With this method, the continuous body is calculated with FEM and the boundary of block is calculated with DEM. CDEM is suitable to describe the growth of cracks and simulate the progressive failure process of the landslide.
The evolution of cracks on the earth surface can usually be observed during different stages of a landslide. Surface cracks could be a clear message that would reveal the current state of a slope. The number of surface cracks should reflect the damage degree of a geologic body and the state of internal force during failure process. The information obtained from surface cracks contains displacement field of the earth surface, which is more informative comparing to the monitoring points. Surface cracks will influence the effect of rainfall, since cracks could help water permeate into the geologic body. Meanwhile, surface cracks can be obtained through very simple measurements without using professional monitoring devices nor setting up complex monitoring network. So it is quite necessary to establish the relationship between surface cracks and internal facture state.
The objective of this paper is to investigate the relationship between the surface cracks and the internal fractures based on fracture degree and CDEM simulation. Fundamental concept and algorithm of CDEM are briefly introduced, and the definition of fracture degree is established. A series of typical slopes are simulated to investigate the relationship between the surface cracks and the internal fractures.
Characteristic of Surface Cracks and Internal Fractures
For a slope, it is usually stable when there is no cracks appear on the earth surface. Only when surface cracks are observed, the slope starts to get attention. Surface crack is a signal for potential landslide disaster. As the cracks grow, the possibility of landslide get bigger. On the one hand, it's because of the increasing movement of geo-logic body. On the other hand, surface cracks increase the channels for seepage flow, which will reduce the strength of the slope and accelerate the failure process. The mode of crack on the earth surface mainly include tensile crack and shear sliding crack. The geometric shape includes horizontal crack and longitudinal crack along to the slope edge. Surface cracks will locate at the front and trailing in the early stage and will usually distribute through out of the surface in the end. The internal fracture will increase during the evolution process of landslide. Fracture on the sliding surface within the slope will grow until running through failure takes place.
The characteristic of surface crack mentioned above can be ex-pressed by geometric size and relative displacement. The number, interval, length and area of the cracks can be observed on a specific section of a slope. More serious the fracture is, more cracks take place and the interval gets smaller.
The fracture process of a landslide will be simulated with continuum/discontinuum coupling method CDEM. And with this calculation, a new evaluation method for slope stability analysis based on fracture degree is proposed.
Continuum-Discontinuum Element Method (CDEM)
CDEM is a kind of numerical approach which is a combination of finite element and discrete element method. The algorithm is based on time-dependent explicit iteration using dynamic relaxation. De-formation of the continuous region is calculated with continuum model such as finite element method, finite volume method or spring element method. While interface is calculated with bond spring model or contact spring model. The interface of the element, block and the element itself will break during computation when exceeding the strength. Progressive failure process of materials or structures from continuous deformation, crack growth to totally breakdown can be modeled with this method. The concept and models are shown in Fig. 1 . Governing equations of CDEM can be expressed as
2 0 Fig. 1(b) . The spring force can be expressed as The maximum tensile criterion and Mohr-Coulomb criterion are used to describe the failure behavior. After failure the contact force can be written as
where T is the tensile strength,  is the internal fraction factor, C is cohesion.
Definition of the Fracture Degree
In the simulation, the number of cracks is dependent upon the numerical mesh. In order to describe the relationship between surface crack and stability of the slope more precisely, a dimensionless quantity, fracture degree is proposed. Two types of fracture degree are discussed in this paper, including fracture degree of the surface and fracture degree of the slip surface. Fracture degree of the surface is defined as the ratio of the surface crack number with a certain strength to the catastrophic crack number of the surface, which can be written as 
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Relationship between the Fracture Degree and the Stability of Slope
Running through of slip surface is one of most important reasons which would result in landslide disasters. If the relationship between surface cracks and internal fracture is established, it is possible to evaluate the stability of the slope through surface cracks. And this could be done with investigating the relationship between fracture degree of the surface and fracture degree of the slip surface.
Slopes with different height and distinct slope angle are simulated. The parameters are shown in Table 1 .The model and results are shown in Fig. 2 . In each case, the complementary effect is obvious. When fracture degree of the slip surface rises to 1, fracture degree of the surface exhibits a rapid jump, which means when running through failure takes place, the surface cracks will increase sharply in a short time. It is a critical signal to predict the potential disaster of the slope. 
Summary
Through a series of numerical investigation on a typical slope model, complementary effect between the fracture degree of the surface and the fracture degree of the slip surface is found. When running through failure takes place on the slip surface, the slope is unstable and the fracture degree of the slip surface equals to 1. After that, the fracture degree of the surface will increase with the reduction of the strength. However, when the slope is stable, fracture degree of the surface remain in a low level. Meanwhile, the fracture degree of the slip surface will decrease with the increase of the strength. An interesting phenomenon is that, when fracture degree of the slip surface increases to 1 at the critical strength, fracture degree of the surface shows a rapid jump.
